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a white LED and the photon flux was determined with a LI-COR LI-250A light probe. Cultures were sampled in early-mid exponential phase, chlorophyll content determined, and imaged using a Leica TCS SP8 confocal microscope. Chlorophyll 61 a concentration was determined by pelleting cells by centrifugation and extracting pigments with 90% MeOH/10% DMSO.
62
Chlorophyll concentration was determined using the coefficients as reported in (6). For imaging,chlorophyll autofluorescence of 63 representative cells was detected at 640-750nm following laser excitation at 552nm.
64
Modeling the chloroplast as two ellipsoids, we derived an equation (1) V lobe is the total volume of a chloroplast lobe, of which there are two in P. tricorutum. L is the semi-major axis of the lobe and
68
W is the semi-minor axis. Consistent with the existing literature, we assumed the cell was a prolate sphere (7); thus, H is the 69 thickness of the cell where thickness is equal to the width of the cell measured from the confocal bright field image. Dimensions
70
were calculated in Fiji (8) using the straight-line tool and the image scale bar. Whole cell dimensions were determined on the 71 bright field image and chloroplast dimensions were determined using the chlorophyll auto-fluorescence channel.
72
Chloroplast volume determined from z-stacked images was used to validate Equation (1). Using Fiji (8), each image of 73 chlorophyll auto-fluorescence was split and the red channel isolated. The threshold was adjusted to remove pixels from out of 74 focus sections of the image and the Analyze Particles function was used to return the image area in µm 2 . The incremental 75 change in the z-axis between each image (delta z) for the stack was used to generate the slice volume and the sum of all image 76 slices was set as the total volume for comparison.
77
The final step required the conversion of chloroplast volume into lipid mass per cell. The lipid content of P. tricornutum (Table S8) .
87
Methods S3: Photophysiology constraints. The biophysical constraints were based on an extension of our previous modeling 88 of photoautotrophy in cyanobacteria (10). Briefly, using the spectral distribution of photon flux for the given light source at 89 the experimental irradiance (E0(λ)), the chlorophyll a specific spectral absorption coefficient (a * λ ), and the biomass fraction of 90 chlorophyll a, the photon uptake flux (Ea) was determined using the following equation:
In vivo whole cell absorption was determined at 1 nm intervals using a dual beam spectrophotometer equipped with an 92 integrating sphere. The chlorophyll-specific absorption coefficient was estimated using Equation (3), in which a * ph (λ) is the 93 chlorophyll a specific absorption coefficient, and a ph (λ) is the absorption coefficient. Both parameters are spectrally distributed.
To fully capture the wavelength specific light-pigment interactions, we switched from photosynthetically available radiance
95
(PAR) to quantum flux (QF) (11), which describes the total absorbed photon flux, as the fundamental variable the oxygen 96 evolution constraint:
where E (λ) is the fraction of total PAR at a given wavelength λ. The measured photosynthetic rates (oxygen evolution in 98 this study) were then fitted to a Platt (5) equation for photosynthesis prediction (P), using quantum flux as the independent 99 variable.
Pmax is the maximum photosynthetic rate, α and β are the parameters that describe the initial slope of the curve, and the 101 photoinhibition (if present), respectively.
102
Methods S4: Photoautotrophic simulations of cellular growth. The P. tricornutum genome-scale model (GEM), iLB1025 (12), was updated with recent advances in diatom metabolic understanding (Table S1 ). 
122
The time variant biomass accumulation at T=3, 6, 9, 12 and 24 hours was determined in a similar manner. It was assumed 123 the non-linear accumulation of storage carbon and chlorophyll were the only non-linear dynamics in the biomass accumulation.
124
The biomass allocation coefficients for these two components were adjusted until the simulation results recapitulated the 125 experimental values. From this the percentages used in the dynamic biomass accumulation were determined (Table S2 ).
126
For the sinusoidal light condition, the model was simulated under a 12 h : 12 h light : dark cycle, f/2 media, with 500 mL 127 total culture volume and light from a white LED placed above the culture as reported (13) for the sinusoidal culture and 800 mL calculate the photon flux was determined to be 22 cm 2 based on the reported culture height and volume.
133
Reaction constraints were set in a similar manner as in the original GEM publication to include constraints on cyclic electron 134 flow, chloroplast water-water reactions and energetic coupling between the chloroplast and mitochondria as previously reported 135 (14). Energetic coupling was set such that at least 15% of photosynthetically derived electrons were moved to the mitochondria. with the observed dark respiration rate.
156
The simulation was performed by maximizing the bof_c_accumulation_c reaction using the parsimonious FBA function well as parameterized the simulation for the subsequent time interval. This process was repeated for the duration of the light interval (T=0 to T=720 minutes) with the output of one interval parameterizing the next.
165
Dark period simulations were carried out in a similar fashion. A new BOF named bof_dark_c was constructed that included 166 all biomass components except Chla since P. tricornutum lacks a light-independent protochlorophyllide oxidoreductase (17).
167
We assumed the biomass ratios at T=0 were the target ratios for cell division. Thus, the biomass component ratios at T=720
168
were parsed and compared with the desired ratios. The bof_dark_c stoichiometric coefficients were constructed to balance the 169 biomass component ratios to the T=0 values. Upon achieving the target ratios, biomass was allowed to accumulate at the 170 target ratios for the remainder of the simulation. (Table S2) .
183
Simulations used the updated version of the GEM, iLB1034. The media was set to f/2 components as in the original 184 publication. The BOF was updated to the dawn time points determined above. The initial biomass content in mg cell dry 185 weight for each culture was determined by taking the T=0 cell count, multiplying by the pg POC cell -1 and then dividing by 186 the carbon fraction of total biomass as reported in the BOF.
187
The T=0 pg DW cell 
210
A quad mass spectrometer (Pfieffer PrismaPlus QMS200; PTM28612) was used to measure dissolved oxygen concentrations.
211
All experiments were performed using a custom designed 2 ml glass cuvette equipped with a carbon stopper. Cells were 212 collected according to Methods S1 and supplemented with 20 mM HEPES buffer pH 7.5 and 5 mM sodium bicarbonate (Jallet 213 et al., 2016). Cells were resuspended to 3 µg chla final concentration (2.5 µg chla/ml). Table S4 . Reconstructed carbon balance of the derived GEM biomass objective function over the light period for P. tricornutum cultured under a sinusoidal light regime compared to published total organic carbon (TOC) values (13). Carbohydrates, triacylglycerols (TAG), protein and the pigments chlorophyll a and c were reported in Jallet et. al. (2016). The pigments fucoxanthin, diatoxanthin, diadinoxanthin and beta-carotene were taken from a culture in this study (Fig. S1 ). DNA and RNA were taken from the original GEM of P. tricornutum (12). Plastid and membrane lipids were determined from the chlorophyll a content per cell (Fig. 1b) and literature values (9) respectively. Table S6 . Predicted chloroplast resource allocation as a function of photoacclimated PAR. Pigment values were determined experimentally and the resulting Chla content was used to approximate the chloroplast volume (Fig. 1a) . This volume was converted to chloroplast lipid content using the data reported in (9) (Table S8 ). *Culture light intensity (µmol photons m -2 s -1 ). The specific intensity of light is based on the averaged measurements at different locations of the bioreactor. 
Reconstructed carbon balance

